An indirect enzyme-linked immunosorbent assay (ELISA), using the lipopolysaccharide of the cell wall as an antigen, was used to detect Brucella melitensis antibodies in ovine serum. The test was carried out on 703 samples of field serums, which were also analyzed by the complement fixation (CF) test and the rose Bengal (RB) test. The ELISA results were more similar to those of the CF test (kappa = 0.89) than to the results of the RB test (kappa = 0.73). The ELISA also had high sensitivity (94.7%) and a somewhat lower specificity (90.4%). One group of 139 young brucellosis-free animals 3-6 months of age were vaccinated with B. melitensis rev. 1 at a dose of 1.2 x 10 9 live organisms. The ELISA detected a significantly lower number of reactors than the CF and RB tests (P < 0.001). The ELISA values remained below the cutoff level during the 9 months following vaccination.
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The ovine brucellosis produced by Brucella melitensis has spread broadly throughout Spain and has free of infection but vaccinated with B. melitensis rev. 1 vaccine. been a serious problem both to the economy and to public health. 3 Control of the spread of the infection Materials and methods is a two-stage process: 1) systematic vaccination of the Animals and vaccination procedures. Two hundred eleven entire stock population to stop the spread of the disease positive samples were collected from 3 chronically infected and 2) serologic testing and slaughter of infected aniflocks, identified as such by serologic tests and confirmed by mals. 15 Rose Bengal (RB) and complement fixation (CF) are the official tests in Spain for the diagnosis of B. melitensis infection in sheep and are considered most efficient when used together. 4, 9 Nevertheless, neither test is capable of differentiating the antibodies produced in response to infection from those produced following vaccination. Recently, more specific and sensitive serologic tests have been developed for the diagnosis of brucella infection. The enzyme-linked immunosorbent assay (ELISA) has been widely used in the serologic diagnosis of B. abortus infection in cattle 6,12,14,21 and B. ovis infection in sheep. 7,13,16,17 Little work has been done on the use of the ELISA in diagnosis of B. melitensis infection in sheep; but in experiments using the cell wall lipopolysaccharide antigen (S-LPS), the ELISA was highly efficient in diagnosing of B. melitensis infection in sheep. 11 The objective of this study was to determine the utility of the ELISA in the detection of B. melitensis antibodies in sheep from infected flocks and from flocks bacteriologic culture 2 from vaginal discharges in all sheep.
A further 492 negative samples were obtained from flocks that had been recognized as free of brucellosis for at least 5 yr. During that period, no animals were vaccinated against brucellosis, and all were shown to be serologically negative for antibodies to B. melitensis by RB and CF.
To study the serologic response to B. melitensis vaccination, 139 sheep 3-6 months of age from a brucellosis-free flock were vaccinated with the live rev. 1 vaccine injected subcutaneously with the standard dose of 1.2 x 10 9 colonyforming units (CFU). Blood samples were obtained from all of the animals on the day of vaccination (day 0) and at 15, 30, 60, 90, 180, and 270 days after vaccination.
The serum samples were stored at -20 C. Each serum was analyzed using the RB and CF tests and an indirect ELISA.
RB and CF tests. The RB and CF tests were performed as previously described. 2 The RB test was carried out using the standard antigen from B. abortus S-99. The test was considered positive when any degree of visible agglutination was observed. The CF test was carried out using microplates, a and the antigen was a standard suspension of smooth B. abortus cells with a titer of 1/200. The serum dilution equal to or more than 1:4 (20 IU) with less than 75% hemolisis were considered positive.
ELISA. The procedure used for the ELISA was a modification of the previously reported method. 11 Flat-bottom polystyrene microplates were used. a The antigen was the S-LPS of the B. melitensis 16M strain. 8 The plates were coated with 100 µl of antigen/well diluted 1/800 in 0.06 M carbonatebicarbonate buffer (pH 9.6). After incubation at 4 C for 18 hr, the covered plates were removed and washed 3 times All sera were used at an optimal dilution of 1/100 in PBST, and 100 µ1 of the diluted serum was added to paired wells. The sealed plates were incubated for 1 hr at 37 C and were then removed and washed 3 times with PBST. After washing, 100 µ1 of conjugate (rabbit anti-sheep IgG/PO [H + L] c ) diluted 1/4,000 in PBST was added to each well, the plates were incubated again under the same conditions. After being washed, 100 µ1 of the substrate, o-phenylenediamine dihydrochloride b (0.5 mg/ml) diluted in 0.05 M phosphate-citrate buffer (pH 5.0) with H 2 O 2 at 30%, was added. After 5 min of incubation at room temperature, the reaction was stopped with 50 µ1 of 3 N H 2 SO 4 . To each plate, 1 positive, 1 mildly positive, and 1 negative serum, as determined by CF, was added as control sera. 0.300. The distribution of absorbance among the positive sera was similar at almost every interval, except between 0.400 and 0.499, where there was a greater number of positive sera, corresponding to the higher frequency of sera with a titer equal to 20 IU.
The plates were read at a wavelength of 492 nm, using a microplate reader. d The ELISA value of a serum sample was calculated as the mean of the 2 optical densities (OD) obtained. The cutoff value was determined as the mean ELISA OD value plus 2 SD for all negative CF samples. 19 Statistical analysis. The relative sensitivity and specificity values were calculated. The chi-square McNemar's test was applied for testing differences between the serologic tests. el0 The chi-square test was used to evaluate the correlation between the percentage of ovine positive sera and each serologic test. 20 The correlation coefficient, the regression line, and the chi-square test were calculated. f
Evolution of serum antibodies in vaccinated animals.
Seroconversion for the 3 tests following vaccination of animals from a B. melitensis -free flock is shown in Table 3 . The percentage of reactors peaked 15 days after vaccination; however, the proportion of reactors obtained by the ELISA is significantly lower than that obtained by the CF and RB.
The development of antibodies over time is shown in Table 4 . The highest mean titer (21.7 IU) was observed 1 month after vaccination. The titers decreased progressively until 9 months after vaccination. The mean ELISA value reached a maximum at 15 days after vaccination (0.291), after which a decrease was observed, although the value did not drop to the prevaccination level throughout the 9-month evaluation period. Results ELISA cutoff value. The mean OD of 0.158 for the negative sera resulted in an OD cutoff point of 0.340.
Comparison of serologic tests. To compare the ELISA and the 2 officially used serologic tests, the chisquare McNemar's statistic was calculated ( Table 1) . Comparison of the ELISA with CF demonstrated a close agreement (x 2 McNemar's = 3.55); 12 sera identified as positive by the ELISA were negative by CF. On comparing the ELISA with the RB, a higher difference was obtained (x 2 McNemar's = 7.10), with 26 sera identified as positive by RB and negative by the ELISA. Table 2 shows the sensitivity and specificity of ELISA, which were 94.7% and 90.4%, respectively.
The increasing OD values of the ELISA and the increasing CF titers were closely correlated; as the CF titers increased so did the absorbances. The correlation coefficient between the CF geometric mean titers (GMT) and the ELISA OD values was high (r = 0.98, P < 0.01). The equation for the regression line was obtained (Fig. l) , with which one can calculate the GMT of the sera from the obtained ODs.
The ELISA absorbance values were grouped in intervals (Fig. 2) . A clear separation was observed between the positive and negative sera; the majority of the negative sera had an absorbance value of less than
Discussion
The principal objective of the serologic tests used in brucellosis control and eradication programs is to detect infected animals that may cause the disease to spread. Therefore, one of the most important drawbacks of serologic testing is the existence of false-positive reactors that appear as a result of vaccination. 1 The enzyme immunoassays are objective and easy to perform and may be automated to permit the processing of a large number of sera within a short time. In this study, the indirect ELISA results were very similar to the CF results and somewhat less similar to the RB results. RB detects a greater number of positive those of previous investigators, 11 although the sensitivity and specificity obtained previously were higher. The discrepancy may be related to the smaller sheep population used in the previous study.
In an earlier study, an enzyme immunoassay on nitrocellulose membrane was evaluated. Although the prior study used the same antigenic fraction (S-LPS) sera, thus it is a rather impractical test for those areas where vaccination is a common practice. and used sera from flocks similar to those we studied, they obtained lower sensitivity and specificity values of 63.7% and 82.3%, respectively. 18 The percentage of positive sera obtained on the days The sensitivity and specificity of the ELISA were high (94.7% and 90.4%, respectively), and there was a good separation between the absorbances of the positive and negative sera. These results are similar to ELISA.
after vaccination was higher when the RB was used, lower when the CF was used, and much lower with the The average level of CF antibodies reached after standard vaccination was slightly higher than 20 IU, with a mean titer of 21.7 IU at 30 days after vaccination. The mean maximum ELISA value was 0.291 15 days after vaccination and therefore always remained below the cutoff value.
The speed and ease with which the ELISA can be used, the high sensitivity and specificity values, and the use of an easily obtainable antigen make the indirect ELISA an excellent test for the routine diagnosis of B. melitensis infection in sheep. Furthermore, the indirect ELISA has advantages over the other serologic tests in that it presents an efficiency similar to that of classical tests with sera from infected animals but it is more useful in differentiating infected from vaccinated animals. The number of postvaccination reactors identified by ELISA is significantly lower than that identified by either RB or CF. Similar results were reported after vaccination of young rams with rev. 1 by the conjunctival route but not the subcutaneous route; 1 month after vaccination the animals were 100% positive. 11 The joint use of the ELISA and CF should be advantageous in the diagnosis of B. melitensis infection, facilitating the interpretation of the titers in infected flocks and improving the predictive value of the tests used. 5
